OBJECTIVEdWe examined the predictors and risks associated with pre-existing versus newonset diabetes mellitus (DM) after initiation of chronic dialysis therapy in end-stage renal disease (ESRD) patients.
T he increasing prevalence of diabetes mellitus (DM) is a global health issue in the obese and aging (1) . Chronic kidney disease is an important complication of DM. Diabetic nephropathy, the leading cause of end-stage renal disease (ESRD) (2) , accounts for ;40% of patients on maintenance dialysis (3).
Many studies (2, 4) report an association between pre-existing DM at the initiation of dialysis and a poor outcome in ESRD patients undergoing dialysis. However, few published studies have focused on postdialysis new-onset DM (4) (5) (6) (7) . Glucose is one of the contents of hemodialysates (8) and peritoneal dialysates (9) . Peritoneal dialysis (PD) patients, who received 24-h continuous highglucose-concentration peritoneal dialysates, can develop hyperglycemia and transient hyperinsulinism (10) . Woodward et al. (6) , examining the U.S. Renal Data System, showed the incidence of new-onset DM to be ;6% per year in dialysis patients. In Asia, Chinese patients in Hong Kong have been observed to have a high prevalence of hyperglycemia with a daily exchange of 1.5% glucose dialysate (7) . Some epidemiological studies of glycemic load in relation to incident DM report inconsistent results. For example, although high intake of foods with high glycemic load has been found to increase the risk of type 2 DM in Chinese (11), Mosdøl et al. (12) did not find such an association in the Whitehall II study. Nevertheless, one meta-analysis of prospective cohort studies enrolling 13 trials concluded that there was a positive association between glycemic load and type 2 DM (13) . Pure glucose has the highest glycemic index, but few long-term follow-up studies have investigated the glucose load and the risk of DM, especially in patients with ESRD. In addition, it has been demonstrated that increased plasma glucose levels are an independent risk factor for mortality among dialysis patients, even a minor degree of hyperglycemia (7) . It has also been reported that the cumulative advanced atherosclerotic change in DM could be responsible for the increased further cardiovascular mortality thereafter.
The worldwide number of ESRD patients undergoing dialysis has grown significantly in recent decades. The incidence and prevalence rates of ESRD are high in Taiwan (14) . However, studies on new-onset DM are scarce, especially studies with epidemiological data from a national cohort of Asians with ESRD on maintenance dialysis. Therefore, this study investigates whether there is an association between dialysis modality and new-onset DM and whether new-onset DM is a risk factor for long-term mortality. To find out, we used a large dataset from the Taiwan National Health Insurance Research Database (NHIRD) from 1999 to 2008 to evaluate the epidemiology, incidence, and mortality of new-onset DM in ESRD patients undergoing dialysis.
RESEARCH DESIGN AND METHODS

Database
The National Health Insurance (NHI) program has provided compulsory universal health insurance in Taiwan Fig.  1 ). ESRD patients on maintenance dialysis were defined as having undergone dialysis for .90 days. Patients who had undergone renal transplantation before beginning dialysis were excluded (n = 307). Patients were followed up from the first reported date of dialysis to the date of death, end of dialysis, or 31 December 2008. In total, 51,487 incident dialysis patients were analyzed in this study. We first examined the patients with DM diagnosed before the initiation of dialysis (pre-existing DM group, n = 25,321). Next, we identified the patients with new-onset DM during the follow-up period from a subset of patients who did not have pre-existing DM (n = 26,166). Data are n (%) unless otherwise indicated. a Includes pericarditis, endocarditis, myocarditis, other complications of heart disease, heart transplant, heart valve replacement, and cardiac devices.
New-onset DM after the initiation of dialysis was defined as DM diagnosed at least 3 months after dialysis began (newonset DM group, n = 3,346). The remaining members of the no pre-existing DM, those without new-onset DM during follow-up period, were assigned to the non-DM group (n = 22,820).
Ascertaining the demographic and comorbid variables
We linked to the diagnostic codes through the inpatient and outpatient claims databases of the NHI. Cases of DM and those with comorbidities were identified according to one of the following definitions: 1) diagnostic codes in outpatient visits if the patient had an initial diagnosis at any time the year leading up to beginning of dialysis and then experienced one or more additional diagnoses within the subsequent 12 months, and the first and last outpatient visit within 1 year must had to be .30 days apart to avoid accidental inclusion of miscoded patients; or 2) diagnostic codes in hospitalization databases at least one time within the year leading up to start of dialysis. This method of identifying these comorbidities has been used extensively in various studies of Taiwan NHIRD, and many articles have been published (15) (16) (17) (18) . This study included not only the cumulative incidence of new-onset DM, but also date of death, patient demographics, and baseline comorbidities. ICD codes are provided in Supplementary Table 1 .
Statistical analyses
Baseline characteristics between groups (pre-existing DM, new-onset DM, and without DM) were compared. Age was entered as a categorical variable (,45, 45-64, and $65 years). Significance was set at P , 0.05. The cumulative proportion of patients with new-onset DM and of survivors after the initiation of dialysis was calculated using the Kaplan-Meier method. The log-rank test was used to analyze significance. Cox proportional hazards models were used to identify the risk factors of new-onset DM and mortality after the initiation of dialysis. Hazard ratios (HRs) and 95% CIs were derived from Cox proportional hazards models. Cox models met the assumption of proportionality of risks. The purposeful selection process begins by a univariate analysis of each variable. Any variable having a significant univariate test was selected as a candidate for the multivariate analysis. The independent associations were examined using multivariate analysis. All statistical operations were performed using the Statistical Package for Social Sciences for Windows 17.0 (SPSS Inc., Chicago, IL).
RESULTS
Demographics and clinical characteristics
A total of 51,487 incident dialysis patients were enrolled in this study. Of these patients, 25,321 had pre-existing DM, 3,346 had new-onset DM, and the other 22,820 did not have DM throughout the study period (Table 1 ). There were 147 cases of type 1 DM among 25,321 preexisting DM patients, but no type 1 DM among 3,346 new-onset DM patients. A total of 7% of female and 6% of male patients had new-onset DM (P , 0.001). Only 5% of those ,45 years old had newonset DM, but 7% of those $65 years old did (P , 0.001). In Taiwanese dialysis patients, 93% patients received hemodialysis (HD), and only 7% patients received PD. A total of 51 and 6% of the HD patients had pre-existing DM and new-onset DM, respectively, whereas only 32 and 8% of the PD patients had pre-existing DM had new-onset DM, respectively (P , 0.001).
Cumulative incidence and risk factors for new-onset DM The cumulative incidence rate of newonset DM were 4% at 1 year, 9% at 3 years, 14% at 5 years, and 21% at 9 years (Supplementary Fig. 2A ). Being female, being older, and having baseline comorbidities were independent risk factors for new-onset DM in dialysis patients (Table  2 ). There was no significant difference between the modalities of HD and PD with regard to new-onset DM ( Supplementary  Fig. 2B) Cumulative survival rate and risk factors for all-cause mortality The Kaplan-Meier survival curves for patients in the pre-existing DM, new-onset DM, and non-DM groups are shown in Fig. 1 . The cumulative survival rate of the pre-existing DM group was 92% at 1 year, 51% at 5 years, and 26% at 9 years. The cumulative survival rate of the new-onset DM group was 96% at 1 year, 68% at 5 years, and 42% at 9 years. The cumulative survival rate of the non-DM group was 95% at 1 year, 74% at 5 years, and 58% at 9 years. The differences in survival among these three groups were significant (log-rank: P , 0.001). We have further analyzed the survival rate after new-onset DM was diagnosed ( Supplementary Fig. 3 ) and found the mean duration between new-onset DM diagnosed and death was 6.10 6 1.01 years. Pre-existing DM was associated with 80% higher death risk (HR 1.81 [95% CI 1.75-1.87]), whereas the new-onset DM was associated with 10% increased death risk (HR 1.10 [95% CI 1.03-1.17]) ( Table  3) . As can be seen in Supplementary Table  2 , further analysis revealed individuals with pre-existing DM ,45 years old were 2.99 (95% CI 2.65-3.39) times more likely to die than individuals of a similar age without DM, with the HR decreasing in elderly individuals with preexisting DM. The trend was similar to those with new-onset DM compared with those without DM. Risk estimates for mortality tended to be higher in women than in men in both pre-existing DM and new-onset DM groups.
CONCLUSIONSdIn this nationwide study of 51,487 incident dialysis patients, we found no significant association between dialysis modality and new-onset DM. However, new-onset DM was significantly associated with sex, age, and baseline comorbidity. It was a risk factor for long-term mortality in patients on maintenance dialysis.
The incidence of new-onset DM after dialysis varies. One study (5) reported that the incidence after HD was 20 per 1,000 patient-years, and the prevalence was 7.6% during only 3 years of followup. Our nearly 10-year follow-up study found a higher incidence (29 per 1,000 patient-years) and prevalence (12.8%) rate after HD. Another 6-year follow-up study (4) reported that 8.5% of dialysis patients, including HD and PD, who initiated dialysis developed new-onset DM within 6 years. In our study, 12.7% of dialysis patients, including HD and PD, developed new-onset DM within 10 years. This higher rate of new-onset DM may reflect the longer follow-up period in our study. Woodward et al. (6) also found that immunosuppressant agents had great impact on the new-onset DM and reported that new-onset DM over the first 2 years posttransplant had a very high incidence of almost 18-30% among patients receiving cyclosporine and tacrolimus.
We found no significant difference in percentage of new-onset DM after the initiation of dialysis between patients undergoing HD (12.80%) and patients undergoing PD (12.20%), even after adjustment. This finding differs from that for the wait-listed transplanted renal allograft recipients in Woodward et al. (6) . This discrepancy may be because the results in Woodward et al. (6) were not adjusted.
Being female and being older were significant risk factors for the development of new-onset DM in our patients. Age not only affected the prevalence of new-onset DM, but also the mortality. The prevalence of DM increases with age (1), which is considered one parameter of diabetes risk scores (19) . The pathogenesis of age-related DM is related to insulin resistance and decreased b-cell function (20) . We also found that cardiovascular disease (CVD) to be a significant risk factor for the development of new-onset DM. This relationship might be explained by the fact that atherosclerosis contributes to most of the macrovascular disease. Dyslipidemia and vascular inflammation result in endothelial dysfunction and atherosclerosis (21) . Elevated values of circulatory makers such as interleukin-6 and high-sensitivity C-reactive protein (CRP) commonly accompany CVD. Vascular inflammation and endothelial dysfunction may also be associated with an increased risk of developing type 2 DM. Hu et al. (22) conducted a prospective, case-control study of inflammatory markers as predictors of type 2 DM among 32,826 subjects. These data support the role of inflammation in the pathogenesis in type 2 DM. A 4-year follow-up study in a nationwide cohort of 27,628 subjects shows elevated levels of CRP and interleukin-6 predict the development of type 2 DM (23). A 7.2-year follow-up study also showed that subjects with elevated CRP had a higher risk of developing diabetes and concluded that inflammation could be one of the risk factors for developing DM (24) . Meigs et al. (25) performed a prospective study that showed that endothelial dysfunction could predict type 2 DM independent of other known risk factors. One study enrolled 8,291 Italian patients with a myocardial infarction within the previous 3 months who were free of diabetes at baseline. During 26,785 personyears follow-up, the study showed that patients with a recent myocardial infarction had a higher annual incidence rate of impaired fasting glucose and DM (26) . In addition, some common prescribed drugs for CVD, such as statin, might also result in dysglycemia. Many meta-analyses reported an association between statin use and a 10% increase in risk for incident diabetes (27) (28) (29) .
HTN might be a significant factor associated with new-onset DM independent of other cardiovascular comorbidities, such as CHF, CAD, or other CVD. In our study, we found HTN to be a risk factor for new-onset DM in patients with ESRD under maintenance dialysis. One prospective study by Conen et al. (30) examined the relationship for blood pressure and blood pressure progression with the incident diabetes in the general population. They found patients with baseline HTN had a higher risk of developing DM independent of BMI and other components of metabolic syndrome. The reasons for this relationship are uncertain. Endothelial dysfunction might be one of the common pathophysiological pathways between HTN and incident type 2 DM.
Other studies have reported similar findings. One reported the death rate at the end of a 3-year follow-up to be significantly higher in patients with new-onset DM undergoing HD and second highest in patients with pre-existing DM than in those without DM (49.2 vs. 50.6 vs. 41%, respectively) (5). Another study reported that ESRD patients on PD, with increased fasting plasma glucose levels, had a greater mortality rate (7). In our study, patients undergoing HD and PD were enrolled and followed-up for ;10 years. We found the cumulative survival rate to be highest in those without DM, moderate in those with new-onset DM, and lowest in those with pre-existing DM. From the Kaplan-Meier survival plot, we found survival curves of patients with new-onset DM and without DM began to diverge 3 years after initiation of dialysis therapy. This may reflect cumulative or delayed damage caused by the increased glucose level. We have further analyzed the survival rate after new-onset DM was diagnosed ( Supplementary Fig.  3 ) and found the mean duration between new-onset DM diagnosed and death was 6.10 6 1.01 years.
There are several limitations to our study. First, the comorbidity diagnoses relied on the claims data and ICD-9-CM diagnosis codes and may have some disease misclassifications. Second, we were unable to take into account the severity of the diseases. Third, it would be interesting to consider what would happen to patients with pre-existing DM who stopped taking insulin and/or oral agents due to recurrent hypoglycemia and lowered A1C ,6% while off all medications. However, our study lacked specific data on medical prescriptions and laboratory data for this analysis. Finally, it would be better to describe the association with cardiovascular mortality; however, the Taiwan Bureau of NHI does not afford the cross-link information between this and the database of causes of death.
In conclusion, we found that female sex, old age, and some comorbidities were associated with new-onset DM. Dialysis modality was not a significant predictor of new-onset DM. In addition, new-onset DM increased long-term mortality more than non-DM. Physicians might want to pay attention to the plasma glucose level of high-risk patients undergoing dialysis.
